We report on a novel sensing method in the terahertz range using metallic mesh which is a metallic membrane with a two-dimensional array of sub-wavelength holes as shown in Fig. 1 . (a). Such metallic mesh is conventionally used as a band pass filter. The transmission characteristic of a metallic mesh can be determined by the geometric parameters of the mesh. In addition, such structures exihbit extraordinary high transmission due to coupling with surface plasmon polariton like mode. Since this mode is affected by the dielectric constant of the medium near the mesh openings, the transmission peak will shift when such constant changes. Consequently, the metallic mesh could work as a simple sensor, sensitive to the dielectirc constant of a sample attached to its surface.
We report on a novel sensing method in the terahertz range using metallic mesh which is a metallic membrane with a two-dimensional array of sub-wavelength holes as shown in Fig. 1 . (a) . Such metallic mesh is conventionally used as a band pass filter. The transmission characteristic of a metallic mesh can be determined by the geometric parameters of the mesh. In addition, such structures exihbit extraordinary high transmission due to coupling with surface plasmon polariton like mode. Since this mode is affected by the dielectric constant of the medium near the mesh openings, the transmission peak will shift when such constant changes. Consequently, the metallic mesh could work as a simple sensor, sensitive to the dielectirc constant of a sample attached to its surface.
To inspect this effect as a potential measurement principle, we calculated the electric field distribution around the metallic mesh using the Finite Difference Time Domain (FDTD) method. Fig. 1.  (b) and (c) show the electric field distributions of cross section of metallic mesh calculated by FDTD method. There are localized high electric field inside the hole and the edge of the openings. In order to demonstrate that the metallic mesh works as a sensor, we chose avidin for the sample that has led to its wide usage in a variety of biotechnological application. This interest is explained by the fact that large molecules exhibiting complex structures have differnt spectra of its binding state in the THz range. To deposit an avidin solution uniformly and in a controllable quantity, we used the electrospray deposition (ESD) technique. In the ESD technique, solution of the sample is transformed into micro droplets with positive charge; the droplets are deposited by electrostatic force onto specific areas of a conductive substrate (metallic mesh). One major advantage of the ESD technique is that it preserves the functional properties of the electrosprayed biological molecules. In our experiments, we used the ESD equipment (ES-1000, Fuence Co., Ltd.); the sprayed density of avidin was 200 ng/mm 2 and 1200 ng/mm 2 . We used nickel metallic mesh with grid constant of 76.3 µm for the substrate. Fig. 2 . shows the result of transmission measurements of the metallic mesh with and without avidin, obtained using an FTIR spectrometer. The transmission spectra of the avidin-sprayed mesh was found to shift towards lower frequencies relative to the bare mesh. This shift is considered to be caused by the different dielectric constant in the vicinity if the metal mesh surface when the small amount of avidin is sprayed on the mesh. We observed a correlation between the quantity of protein and the transmission characteristics of the metallic mesh.
In conclusion, we demonstrated a sensor application using metallic mesh. This result suggests the possibility of realizing a label-free biosensor that may be used, for example, in investigating the biological affinity. We report on a novel sensing method in the terahertz region using metallic mesh. Conventionally, the band-pass filter property of a metallic mesh can be adjusted by changing the mesh geometrical parameters. However, the band-pass filter parameters also depend on the refractive index of the medium in the vicinity of the mesh openings. To inspect this effect as a potential measurement principle, we calculated the electric field distribution around the metallic mesh and analyzed the frequency characteristics due to a sample attached to the metallic mesh using the Finite Difference Time Domain method. For bio-molecular sensing, the Electrospray Deposition method was applied in order to spray a uniform layer of protein over a metallic mesh. We observed a correlation between the quantity of protein and the transmission characteristics of the metallic mesh. 
